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ABSTRACT 

S o l a r  a r r a y  power d e g r a d a t i o n ,  f o r  a 1975-1980 manned 
Mars f l y b y  m i s s i o n ,  r e s u l t i n g  f rom m e t e o r o i d / a s t e r o i d  e n v i r o n -  
ments  has been b r i e f l y  i n v e s t i g a t e d .  
mean v e l o c i t y  of a s t e r o i d s  w i t h  r e s p e c t  t o  t h e  s p a c e c r a f t  i s  
l e s s  t h a n  one ha l f  t h e i r  p o s t u l a t e d  2 0 . 7  km/sec mean h e l i o c e n t r i c  
v e l o c i t y ,  i t  a p p e a r s  f e a s i b l e  t o  u s e  s o l a r  a r r a y s  as a power 
s o u r c e .  
dependent  on t h e  a s t e r o i d  f l u x  model,  a more r e a l i s t i c  es t imate  
of t h i s  envi ronment  i s  needed i n  t h e  r e g i o n  o f  small p a r t i c l e  
s i z e s  ( m <  0 . 1  grams). 
est imate  i s  based o n  very.  l i m i t e d  t e s t  da ta ,  a d d i t i o n a l  work 
s h o u l d  be per formed w i t h  r e g a r d  t o  c r y s t a l l o g r a p h i c  s t r u c t u r e  
damage and "sand b l a s t i n g "  e f f e c t s  r e s u l t i n g  form h y p e r v e l o c i t y  
impact  o f  s o l a r  c e l l s .  

Assuming t h a t  t h e  r e l a t i v e  

S i n c e  t h e  d e t e r m i n a t i o n  o f  t h i s  f e a s i b i l i t y  i s  h i g h l y  

Al so ,  s i n c e  t h e  above f e a s i b i l i t y  

{N AS A-CR- 153 3 10) 
RET EOPOID/ASSEBOI D E N V I R O E I  BENT i B e  llcomm, 
I n c . )  8 p 

SOLAR ALRR B Y  VERSUS 
N79-72971 

Uncfas 
I 

00/44 12273 



* .  ' 

a \  

I BELLCOMM,  INC. 

SUBJECT: S o l a r  A r r a y  V s .  Meteoroid/  
A s t e r o i d  Environment - Case 
103-2 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

DATE: Octobe r  11, 1 9 6 6  

'ROM: C .  E .  Johnson 
J .  D.  Dunlop 

The f e a s i b i l i t y  of u s i n g  a s o l a r  a r ray  as a power s o u r c e  
f o r  a 1975-1980 manned Mars f l y b y  m i s s i o n  i s  dependent  on t h e  
amount of  power d e g r a d a t i o n  r e s u l t i n g  from t h e  m e t e o r o i d / a s t e r o i d  
envi ronment .  A r e a l i s t i c  d e f i n i t i o n  o f  t h i s  envi ronment  has n o t  
y e t  been s p e c i f i e d  due t o  a l a c k  of  s u f f i c i e n t  da ta .  S p e c i f i c a l l y ,  
t h e  a s t e r o i d a l  environment  i s  a mat te r  o f  s e r i o u s  c o n j e c t u r e  s i n c e  
i t  i s  c u r r e n t l y  assumed t o  be lo3 t imes t h e  p r e s e n t  Apol lo  C i s l u n a r  
S p o r a d i c  Meteo ro id  Model.' F u r t h e r  c o m p l i c a t i n g  t h e  i s s u e  are 
u n c e r t a i n i t i e s  i n  v a r i o u s  p e n e t r a t i o n  t h e o r i e s ,  s o l a r  c e l l  power 
d e g r a d a t i o n  r e s u l t i n g  from h y p e r v e l o c i t y  impac t ,  and c o n s i d z r a t i o n  
of m e t e o r o i d  v e l o c i t i e s  r e l a t i v e  t o  t h e  s p a c e c r a f t  and i t s  
o r i e n t a t i o n .  Recent  s t u d i e s  a t  Bellcomm, however, have r e v e a l e d  
t h a t  t h e  r e l a t i v e  mean v e l o c i t y  of  a s t e r o i d s  t o  a Mars f l y b y  space -  
c r a f t  i n  t h e  a s t e r o i d  b e l t ,  i s  l ess  t h a n  one ha l f  o f  t h e i r  p o s t u l a t e d  
2 0 . 7  km/sec mean h e l i o c e n t r i c  v e l o c i t y .  Under s t and ing  t h a t  t h e r e  
i s  a c o n s i d e r a b l e  "g ray  area" a s s o c i a t e d  w i t h  p r e s e n t l y  d e t e r m i n i n g  
s o l a r  a r r a y / m e t e o r o i d  f e a s i b i l i t y ,  i t  i s  n e v e r t h e l e s s  des i r ab le  
t h a t  an  a t t e m p t  be  made. 

G e n e r a l  

Assuming t h a t  t h e  a s t e r o i d a l  environment  can  b e  
approx ima ted  by t h e  model shown i n  f i g u r e  1, and t h a t  a t y p i c a l  
manned Mars f l y b y  1975-1980 m i s s i o n  spends  240 days i n  t h e  
a s t e r o i d a l  b e l t ,  t h e  number o f  i m p a c t s  e x p e r i e n c e d  b y  a 1 x 2 cm. 
s o l a r  c e l l  by  s p h e r i c a l  a s t e r o i d s  w i t h  a d e n s i t y  of  3 . 5  g / cc  are  
shown i n  T a b l e  I .  
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Tests  have been performed t o  d e t e r m i n e  s o l a r  c e l l  
power d e g r a d a t i o n  as a r e s u l t  o f  p a r t i c l e  impac t .  R e f e r r i n g  t o  
John  A .  F a g e r ' s  p a p e r  on t h e  e f f e c t s  of  h y p e r v e l o c i t y  impact  on 
p r o t e c t e d  s o l a r  c e l l s ,  i t  i s  s e e n  t h a t  f o r  s p h e r i c a l  g l a s s  p a r t i c l e s  
( p  = 2 . 2  g / c c )  o f  35 and 75 p ,  an a v e r a g e  power d e g r a d a t i o n  o f  22 .5% 
o c c u r r e d  a f t e r  ;t 1 0  i m p a c t s  p e r  1 x 2 cm. c e l l  a t  1 4 . 8  km/sec . l  
2 7 . 4  km/sec t h e  power d e g r a d a t i o n  was 55% i n d i c a t i n g  the e f f e c t  t o  
be v e l o c i t y  dependen t .  The c u r r e n t  v o l t a g e  c h a r a c t e r i s t i c s  o f  t h e  
c e l l  changed, i n d i c a t i n g  a change i n  t h e  c r y s t s l l o g r a p h i c  s t r u c t u r e  
o f  t h e  c e l l  ( d i s l o c a t i o n s  r e s u l t i n g  i n  a r educed  ha l f  l i f e  o f  
m i n o r i t y  cha rge  c a r r i e r s ) .  Damage t o  t h e  c r y s t a l l o g r a p h i c  s t r u c t u r e  
i s  one mode o f  power d e g r a d a t i o n ;  a n o t h e r  i s  t h e  "sand b l a s t i n g "  e f f e c t .  
"Sand b l a s t i n g "  t h e  c o v e r  g l a s s  o f  a s o l a r  c e l l  r e d u c e s  t h e  amount o f  
i n c i d e n t  s o l a r  ene rgy  which can b e  t r a n s m i t t e d  t h r o u g h  t h e  g l a s s  i n t o  
t h e  c e l l .  Recent discuzsio:, ;  w i t h  Boeing ( S e a t t ! e ) ,  and Arvin Smith 
( N A S A  H e a d q u a r t e r s ) ,  r e v e a l e d  t h a t ,  based <,I! t e s t s ,  a power d e g r a d a t i o n  
o f  l5-2O% can b e  e x p e c t e d  upon s u b j e c t i n g  s o l a r  c e l l s  t o  a "sand  
b l a s t i n g "  env i ronmen t .  

A t  

Using t h e  l i m i t e d  t e s t  data a v a i l a b l e ,  an es t imate  o f  s o l a r  
a r ray  power d e g r a d a t i o n  can be made for t h e  a s t e r o i d a l  envi ronment  
model shown i n  F i g u r e  1. The number o f  s o l a r  c e l l  impac t s  o f  p a r t i c l e s  
g r e a t e r  t h a n  1 0 0  p i n  d i a m e t e r ,  f o r  240  days i n  t h e  a s t e r o i d  b e l t ,  
i s  n e g l i g i b l e  ( T a b l e  I ) .  According t o  r e f e r e n c e  2 ,  i t  i s  s e e n  that 
none of t h e  75 p p a r t i c l e s ,  a t  v e l o c i t i e s  up t o  2 7 . 4  km/sec 
p e n e t r a t e d  t h e  6 m i l .  cove r  g l a s s ,  and ,  t h e r e f o r e ,  i t  can  b e  assumed 
t h a t  no c o v e r  g l a s s  p e n e t r a t i o n  w i l l  o c c u r  from p a r t i c l e s  l ess  t h a n  
1 0 0  p i n  diameter ,  Assuming t h a t  a l l  p a r t i c l e s  l e s s  t h a n  1 0  u i n  
d i a m e t e r  compr ise  a "sand b l a s t i n g "  environment  .r c r y s t a l l o g r a p h i c  
s t r u c t u r e  power d e g r a d a t i o n  
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i s  a r e s u l t  o f  impact  from p a r t i c l e s  i n  t h e  15-1GO IJ diameter r a n g e .  
R e f e r r i n g  t o  Tab le  I ,  t h e  number of s o l a r  c e l l  i m p a c t s  f o r  p a r t i c l e s  
of 10-100 IJ i n  d i a m e t e r  i s  0.5-50.0; p a r t i c l e s  o f  35 IJ i m p a c t i n g  
approx ima te ly  once .  R e a l i z i n g  t h a t  t h i s  i s  an  e x p o n e n t i a l  v a r i a t i o n  , 
t h e  da t a  p r e s e n t e d  i n  r e f e r e n c e  2 p r o v i d e s  a r e a s o n a b l e  f i r s t  
e s t i m a t e  of t h e  power d e g r a d a t i o n  due t o  s o l a r  c e l l  c r y s t a l l o g r a p h i c  
s t r u c t u r e  damage f o r  t h e  a s t e r o i d a l  environment  model i n  F i g u r e  1. 

A power d e g r a d a t i o n  e s t i m a t e  f o r  a s o l a r  a r r a y  i s  
h i g h l y  s e n s i t i v e  t o  an  assumed a s t e r o i d a l  env i ronmen t .  The 
a s t e r o i d  model i n  F i g u r e  1 was d e r i v e d  b y  e x t r a p o l a t i n g  backwards 
from o b s e r v a t o r y  s t e l l a r  i n t e n s i t y  data  f o r  e x t r e m e l y  l a r g e  
p a r t i c l e s  ( m  > K g )  a l o n g  t h e  s l o p e  o f  t h e  Apol lo  S p o r a d i c  
Meteoro id  Model. The f l u x  o f  p a r t i c l e s  s m a l l e r  t h a n  1 0 0  IJ i n  
diameter  i s ,  t h e r e f o r e ,  h i g h l y  q u e s t i o n a b l e .  I f ,  as some s c i e n t i z t s  
con tend ,  t h e  f l u x  f o r  t h e s e  small p a r t i c l e s  i s  no g r e a t e r  t h a n  
t h a t  s p e c i f i e d  by t h e  Apol lo  model. The number of  s o l a r  c e l l  
i m p a c t s  of  p a r t i c l e s  g r e a t e r  t h a n  1 0  IJ i n  diameter i s  n e g l i g i b l e  
( N A T  = 0 . 0 5  f o r  1 0  IJ d i a m . ) ,  and,  t h e r e f o r e ,  t h e  c r y s t a l l o g r a p h i c  
s t r u c t u r e  power d e g r a d a t i o n  can a l s o  be assumed as n e g l i g i b l e .  
Power d e g r a d a t i o n  due t o  t h e  "sand  b l a s t i n g "  e f f e c t  i n  t h e  a s t e r o i d  
b e l t  i s  a l s o  r educed .  I f  t h e  Apol lo  S p o r a d i c  Meteo ro id  Model i s  
assumed t o  a p p l y  th roughou t  t h e  d u r a t i o n  o f  a Mars f l y b y  m i s s i o n  
f o r  p a r t i c l e s  c a u s i n g  t h i s  e f f e c t ,  t h e  p r e v i o u s  e s t i m a t e  cou ld  
r ema in  a t  l 5 - 2 O % .  However, r e c e n t  r e s u l t s  from t h e  Mar ine r  I V  
Mars f l y b y  s p a c e c r a f t  have i n d i c a t e d  t h a t  no s i g n i f i c a n t  solar 
p a n e l  d e g r a d a t i o n  ( >  1 5 % )  has o c c u r r e d  t o  da t e .  T h e r e f o r e ,  a 
b e t t e r  es t imate  f o r p o w e r  loss, due t o  t h e  "sand  b l a s t i n g  " 

e f f e c t  i s  1 5 % .  

I n  summary, an e s t i m a t e  of  t o t a l  power d e g r a d a t i o n  f o r  
a s o l a r  a r ray  used  as a power s o u r c e  f o r  a 1975-1980 manned Mars 
f l y b y  m i s s i o n  ( 2  240 days  i n  t h e  a s t e r o i d  b e l t )  i s  shown i n  
T a b l e  I1 f o r  two m e t e o r o i d / a s t e r o i d  models .  
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Sand B l a s t i n ]  

( % >  

TABLE I1 

S o l a r  Array Power Degrada t ion  Estimates 

! 
: R e l a t i v e  
IVe 1 o c i  t y 

(km/sec)  

I 27.4 

1 4 . 8  

6 . 0  
I 

1 

A s t e r o i d  Model ( F i g .  1) Apol lo  
Model 

Comp l e t  e 
D e s t r u c .  
o f  c e l l  

( % I  

1-2 

1 

55 

2 2  

10 

15-20  

15-20  

15-20 

Conc lus ions  

T o t a l  

70-75 

37-42 

25-30 

T o t a l  

1 5  

15  

15 

1. Assuming t h a t  t h e  r e l a t i v e  mean v e l o c i t y  o f  a s t e r o i d s  w i t h  
r e s p e c t  t o  a 1975-1980 manned Mars f l y b y  s p a c e c r a f t  i s  
l e s s  t h a n  one h a l f  t h e i r  p o s t u l a t e d  20.7 km/sec mean 
h e l i o c e n t r i c  v e l o c i t y ,  i t  a p p e a r s  f e a s i b l e  
t o  u s e  s o l a r  arrays as a power s o u r c e  f o r  t h e  Mars f l y b y  
m i s s i o n .  

2 .  S i n c e  t h e  d e t e r m i n a t i o n  o f  s o l a r  a r r a y  f e a s i b i l i t y  f o r  a 
manned Mars f l y b y  s p a c e c r a f t  i s  h i g h l y  dependent  on 
an a s t e r o i d a l  f l u x  model,  a more r e a l i s t i c  es t imate  
o f  t h i s  environment  i s  needed i n  t h e  r e g i o n  o f  small  
p a r t i c l e  s i ze s  ( m  < 0 . 1  grams). 

3. Based on T a b l e  11, i t  a p p e a r s  t h a t ,  f o r  manned Mars m i s s i o n s ,  
a d d i t i o n a l  work should  b e  done i n  t h e  a r e a . o f  ? 'sand 
b l a s t i n g "  e f f e c t s .  However, T a b l e  I1 i s  bdsed  on a 
q u e s t i o n a b l e  a s t e r o i d  environment  and l i m i t e d  t e s t  d a t a .  
Consequent ly ,  a d d i t i o n a l  e f f o r t  s h o u l d  a l s o  b e  per formed 
w i t h  r e g a r d  t o  t h e  o t h e r  

J .  D. Dunlop CEJ 1021- JDD- nmm 
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